This study evaluated whether apraxia can be understood as due to impaired motor representations or motor imagery necessary for appropriate object-use, imitation, and pantomime. The causal role of the left inferior parietal lobe (IPL), which is heavily implicated in apraxia, is also evaluated. These processes are appraised in light of the proposed ventro-dorsal sub-stream of the classic two visual pathway model, where perceptual information from the ventral stream and the dorsal action stream are integrated and essential for object manipulation. Using a task assessing object-use perception, stroke patients with apraxia demonstrated a selective deficit during perceptual decisions reliant on the integration of visible and known object properties to select the appropriate grasp for object-use. This deficit increased with apraxia severity. A dissociation was evident in these patients showing intact non-motoric perceptual decisions regarding the functional semantic relationship between two objects in the absence of the actor (e.g. how a hammer hits a nail). Converging evidence was found using a modified version of the same task in a neuromodulation study that directly targeted the left IPL in healthy participants using transcranial direct current stimulation (tDCS). Application of inhibitory stimulation over the left IPL reduced performance during perceptual decisions regarding object manipulation whilst performance was unaffected during functional semantic decisions. Excitatory stimulation of the left IPL did not affect performance in either task. Combined, these results suggest that the left inferior parietal lobe is critical for motor imagery, and that apraxia may be caused by an inability to use internal motor representations of object manipulation. These results are discussed in terms of motoric and non-motoric perceptual processes and the proposal of an additional ventro-dorsal sub-stream within the dorsal and ventral visual pathways model.
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General introduction
The selection of an appropriate object-use grasp is based on the recruitment of stored knowledge of the object, including knowledge of the object's identity and typical function, as well as circumstantial information about the structure and location of the object in the given situations. Recent evidence suggests that integration of known and visible properties of an object is carried out by a purported 'ventro-dorsal' sub-stream within the visual pathways model, with the left inferior parietal lobe (IPL) being the critical juncture where these object properties are combined (Rizzolatti and Matteli, 2003; Binkofski and Buxbaum, 2013; Vingerhoets, 2014 ).
Further to the classic dorsal 'action' and ventral 'perception' streams of the visual pathways model (Milner and Goodale, 2006) there is evidence for an additional sub-stream that incorporates ventral information into the dorsal action circuit through a reciprocal connection between the temporal lobe and the IPL. The integration of long-term action representations of objects into movement plans allows objects to be grasped for use. Predominantly left lateralised, the ventro-dorsal stream extends from occipital cortex to the left IPL, to the ventral premotor cortex and frontal eye fields (Frey, 2007; Rizzolatti et al., 2011) . The ventrodorsal stream is purportedly critical in skilled action execution, movement perception, and mental representations of movement (or motor imagery) that may be necessary when retrieving postural requirements related to skilled object-use and object manipulation (Jeannerod, 1994; Kosslyn et al., 2001; Buccino et al., 2001; Solodkin et al., 2004; Johnson-Frey et al., 2005; Buxbaum et al., 2006; Lotze and Cohen, 2006; Creem-Regehr, 2009 
